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Figure S-1: Schematic of the second low temperature measurement system used for the analysis of the neat crude oils described in the manuscript text.
Measurement details:
The Instrument Response Function (IRF) was measured by collecting back scattered excitation light from the temperature cell quartz window with the 405 nm stopline and 410 nm long-pass filters removed from the emission path, and the monochromator first order wavelength set to 405 nm. For lifetime validation, a solution (10 −5 M in 0.2 M phosphate buffer) of HPTS (8-hydroxy-1,3,6 tri-sulfonated pyrene) was employed. The lifetime of HPTS was validated using a second, cuvette based TCSPC system (Picoquant Fluotime 200) and this data was used to determine the accuracy of the temperature based lifetime system.
All lifetime validation measurements were made at room temperature using non-degassed solutions.
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Additional Spectral Data:
Most crude oils exhibit a broad spectral emission profile which increases in intensity Correlation to % Polar.
The τ 0 values determined at 500 nm generally increase with decreasing density (increasing API gravity) and a decrease with increasing polar content. However for both plots, a significant spread is found, reflecting the compositional complexity of the crude oil samples.
The two major outliers in Figure S -5a, 7633 and 7098, have abnormally long lifetimes which originate from a combination of compositional effects: oil 7633 has a high wax content (13%), low polar, low aromatic (2.93%) and low asphaltene content (0.7%) despite a relatively high density, while oil 7098 has a very low polar (0.7%), aromatic (4.6%) and sulfur content (0.043%) despite having a low density (high API). So, like the room temperature measurements we cannot generate any accurate correlations between the intrinsic lifetime and the compositional data generated by the SARA analysis.
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Stern-Volmer Quenching Analysis:
To estimate the degree of both collisional and static quenching, the classic Stern-Volmer equation was modified to include a static quenching term: 
